The first sumanene derivatives functionalized at the convex face of the internal carbon were reported. The structure of racemic hydroxysumanenone was confirmed by X-ray crystal analysis. The obtained structure was composed of the single enantiomer.
Bowl-shaped aromatic hydrocarbons, known as buckybowls, are attractive molecules due to their unique aromatic bowl shape and their chemical and physical properties. Since they correspond to the partial structure of fullerenes, the similarities or differences in their properties compared with the latter are of great interest. In fullerenes' chemistry, a variety of addition reactions such as Bingel-Hirsch and Prato reactions have been developed for the derivatization from the pristine fullerenes (Scheme 1A).
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Since fullerenes do not have a peripheral edge, any addition reaction occurs on the internal carbons. In contrast, most derivatizations of buckybowls are substitution reactions at the peripheral carbons, while a limited number of addition reactions at the internal carbons have been reported in non-substituted pristine buckybowls 4 such as corannulene, 5 diindenochrysene, 6 and circumtrindene 7 without functional substituents (Scheme 1).
Petrukhina et al. succeeded in generating a corannulenium cation through the stepwise carbene insertion process, 5d which had been previously proposed by Scott (Scheme 1B). 5e Scott also reported a nucleophilic addition by methylithium to the interior of diindenochrysene, followed by the methylation with methyl iodide (Scheme 1C). 6 The Prato reaction was reported with a bigger buckybowl, circumtrindene (Scheme 1D). 7a These 1,2-addition reactions of buckybowls, without a substituent effect, are similar to those of fullerenes, and they were the only method used to prepare buckybowl derivatives tethered to the convex internal position.
On the other hand, there is no report on the functionalization of the pristine sumanene (1) 8 at the internal carbon.
However, in buckybowls, functionalization at the internal carbons using installed functional groups at the peripheral positions is also available in principle, in contrast to fullerenes without peripheral functional substituents. The existence of functional groups allows us to employ different types of reactions in preparing tethered buckybowl derivatives at the convex internal positions. In the course of our study on a sumanene derivative, hydroxysumanene, 9 we found that bromination on hydroxysumanene with N-bromosuccinimide (NBS) followed by a nucleophilic substitution reaction produced substituted sumanene derivatives on the internal carbon of a sumanene framework (Scheme 2). This reaction demonstrated another derivatization approach of buckybowls, which prepares the buckybowl derivatives that are tethered to the convex internal position, unlike in fullerene chemistry. In this communication, we report that the syntheses of the first sumanene derivatives tethered by a hydroxy or methoxy group at the convex internal carbons, together with their crystal structures, chirality, and photophysical properties.
In the course of the derivatization study on hydroxysumanene (2), we found that bromosumanenone (3) 10 possessing a dearomatized bromodienone structure was formed in 92% yield by bromination of 2 with NBS, while bromination of 2 with Br 2 resulted in o-bromohydroxysumanene (4) in 88% yield (Scheme 3). This bromosumanenone 3 was unstable against acid, and was therefore converted into 4 immediately by addition of trifluoroacetic acid (TFA). A similar bromination reaction of phenolic compounds with NBS to produce bromodienone products was previously reported by Chow et al. 11 They also reported that the migration of bromide and aromatization of bromodienone compounds to o-bromophenol were accelerated by acid. To understand the acid-assisted bromide migration from 3 to 4, we performed DFT calculations [oB97XD/ 6-311G(d,p)//PCM/CH 2 Cl 2 ] of the reaction from 3 with HBr to 4 (Scheme 4), which indicated that the migration of the bromonium cation (TS1a) is the rate determining step. We then further investigated the derivatization of 3. Its reaction with a stoichiometric amount of silver acetate in H 2 O/THF (1 : 1) afforded hydroxysumanenone (5) (Scheme 5) that possessed a hydroxy group at the internal carbon of the sumanene skeleton in 40% yield in two steps from 2. The structure of 5 was unambiguously determined by X-ray crystallographic analysis (vide infra). Similarly, methoxysumanenone (6) was also obtained in 40% yield in two steps from 2 by the solvolysis of 3 by methanol. 5 and 6 are chiral compounds and do not racemize by bowl inversion owing to the existence of the convex hydroxy or methoxy group at the C16 stereogenic center unlike chiral buckybowls that only possess bowl chirality 12,13 such as 2.
9 When we analyzed the crystals of (AE)-6 by X-ray diffraction, we found that a crystal is composed of only single enantiomers. We succeeded in separating the enantiomers of 5 and 6 using chiral supercritical fluid chromatography (SFC) (CHIRALPAX IA; co-solvent, CH 2 Cl 2 ) ( Fig. 1 ) and obtained each enantiomer with 499% ee [circular dichroism (CD) spectra of 5 and 6 in Fig. 2 ]. The X-ray analysis of the crystals of each enantiomer of 5 showed the same crystal structure as that of the chiral crystals of (AE)-5. The crystal structure of (À)-5 is shown in Fig. 3 . The space group of the crystal was P3 2 and the antipode (+)-5 gave the P3 1 system. This indicated that both of the crystals were composed of only Scheme 2 Functionalization on the internal carbon of hydroxysumanene 2.
Scheme 3 Bromination of 2 by Br 2 or NBS.
one kind of enantiomer. Since the crystals of the racemic material contain only one enantiomer the system obviously results in spontaneous resolution upon crystallization. The hydroxy group was located on the C16 position on the convex face of the bowl. Due to the introduction of the substituent on this position, two 6-membered rings, the dienone ring (C1, C2, C17, C16, C14, and C15) and the bottom six-membered ring (C16, C17, C18, C19, C20, and C21), were dearomatized. Accordingly, the bowl depth that was measured between the plane composed of five atoms of the six-membered ring except C16 (C17, C18, C19, C20, C21; plane A) and three benzylic carbons (C3, C8, and C13) were 1.09, 0.92, and 0.77 Å, respectively (Fig. 3b) . Meanwhile, the distances between the plane, which was parallel to plane A and included C16 (plane B), and the same three benzylic carbons were 1.43, 1.25, and 1.11 Å, respectively. These values are much greater than that of 1 (1.11 Å) 13 and the nitrogen-doped sumanene derivative (1.30 Å), 12 clearly indicating that the substitution on the internal carbon caused a significant distortion of the bowl structure. C 3 -symmetric helical structures were formed by strong OHÁ Á ÁO type hydrogen bonds between the hydroxy and carbonyl groups of neighboring molecules with the same chirality (2.76 Å, Fig. 3c ). These C 3 -symmetric helical structures stacked against each other to give a partially-overlapping unidirectional columnar structure along the c axis, which was totally different from that observed in pristine sumanene crystals. 14 The C 3 -symmetric helical structures interacted with each other by CHÁ Á Áp interaction between benzylic CH and the aromatic ring moiety of 5 (Fig. 3d) . The UV-vis absorption and emission spectra of 3, 5 and 6 were measured in acetonitrile solution (Fig. 4) . The absorption Scheme 5 Synthesis of hydroxysumanenone 5 and methoxysumanenone 6 from 3. spectra of 5 and 6 showed similar shapes and patterns and were different from that of 3 due to the different substitution position as well as the different p-conjugated systems. 5 and 6 showed the absorption band at l max = 230 nm (assigned to HOMOÀ2 to LUMO+1 transition), which was blue-shifted from that of 3 at l max = 260 nm (assigned to HOMOÀ1 to LUMO+2). The observed absorption peaks of 5 and 6 at 445 nm corresponded to their HOMO to LUMO transition states. 3 showed an absorption band at 433 and 490 nm, assignable to the HOMOÀ1 to LUMO and the HOMO to LUMO transition states, respectively. The absorption edges of 5 and 6 (460 nm) were blue-shifted from that of 3 (547 nm), indicating a larger HOMO-LUMO gap than 3. Emission spectra of 3 excited at the absorption maximum (260 nm) were observed at 400, 552 and 762 nm. The emission maximum of 3 was approx. 150 nm blue-shifted than those of 5 (560 nm) and 6 (530 nm).
In conclusion, we succeeded in the functionalization at the internal carbon of hydroxysumanene 2 and synthesizing first tethered sumanene derivatives at the convex internal position. Bromination of 2 with NBS gave bromosumanenone 3 and the following nucleophilic substitution reaction afforded hydroxysumanenone 5 or methoxysumanenone 6 possessing the hydroxy or methoxy group at the internal carbon of the sumanene skeleton. The enantiomers of 5 and 6 were separated by chiral SFC and the chiral crystals of 5 were obtained. The unidirectional helical packing structure and strong interaction between columns were observed via OHÁ Á ÁO type hydrogen bonds between the hydroxy group on the internal position and the carbonyl groups of the adjacent column. 
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